Fusariosis constitutes an important hindrance to pineapple farming in Brazil. The cultivars resistant to fusariosis,
Introduction
Pineapple (Ananas comosus var. comosus) belongs to the family Bromeliaceae, of great economic importance in Brazil. Cultivars 'Pérola' and 'Smooth Cayenne' have greater commercial acceptance but are susceptible to fusariosis. Cultivars 'Vitória' and 'Imperial', in turn, launched by the Brazilian Agricultural Research Corporation (EMBRAPA), in 2006 and 2004, respectively, have been presented as an alternative for Brazilian producers (Viana et al., 2013; Berilli et al., 2014; Caetano et al., 2015) . They show fusarium resistance, excellent agronomic characteristics, and good commercial acceptance. These cultivars have also been the subject of research, due to the need for knowledge about their acclimatization in different regions of the country.
The lack of quality and quantity seedlings for propagation has been one of the obstacles for pineapple farming in Brazil. In vitro culture is a strategy to mitigate the problem. The protocol for in vitro production of pineapple seedlings is well established (Araújo et al., 2008; Fráguas et al., 2009; Silva et al., 2012; Oliveira-Cauduro et al., 2016) , allowing the production of uniform, healthy, and totally disease-free seedlings. After in vitro development, these seedlings need to be acclimatized under ex vitro conditions for subsequent planting under field conditions (Baldotto et al., 2009; Oliveira-Cauduro et al., 2016) .
The acclimatization period of pineapple seedlings is necessary, since changes from in vitro to ex vitro conditions, such as heterotrophic to autotrophic metabolism and reduction of air humidity and nutrients, would limit field cultivation (Baldotto et al., 2009) . In vitro cultured pineapple seedlings have little developed cuticles and low stomatal intensity (Barboza et al., 2006) , characteristics unfavorable to the drastic variations inherent in the open-field environment.
Due to the need for an acclimatization period, many studies on types of containers; foliar application of macro-and micronutrients (Bregonci et al., 2008) ; application of humic acids; inoculation of endophytic and epiphytic diazotrophic bacteria (Baldotto et al., 2009 (Baldotto et al., , 2010 ; inoculation with mycorrhizal fungi ; use of brassinosteroids; and substrate composition (Catunda et al., 2008) have been performed aiming to improve the performance in this phase of the process.
Substrate constituents vary greatly in the studies performed (Catunda et al., 2008; Cunha Filho et al., 2008; Oliveira-Cauduro et al., 2016; Mendonça et al., 2017) , being common the use of organic materials. In general terms, substrate components are adjusted aiming at a suitable culture medium for shoot and root development, so that chemical (nutrient availability and pH) and physical (porosity, texture, and structure) factors are in the proportions required by the plant species. Mendonça et al. (2017) observed beneficial effects from the use of goat and bovine manure on the substrate composition for acclimatization of micropropagated seedlings of pineapple cultivars 'Vitória' and 'Imperial'. Working with humic acids (HA) (product of biodegradation of organic materials), Baldotto et al. (2009) reported significant effects of HA doses on shoot and root growth; N, P, K, Ca, and Mg accumulation; and chlorophyll a/b -1 ratio of micropropagated seedlings of pineapple cv. 'Vitória'.
This work evaluates the performance of micropropagated seedlings of pineapple cultivars 'Pérola', 'Vitória', and 'Imperial' regarding plant growth and macronutrient accumulation, in substrates with different compositions of organic material.
Materials and methods
The experiment was conducted in a greenhouse located at Embrapa Roraima, Boa Vista-RR, Brazil, whose geographic coordinates are 02º 42' 30" N and 47º 38' 00" W, at 90 m altitude. According to the Köppen classification, the climate is Aw, with rainy period from mid-April to September, average annual rainfall of 1688 mm, air temperature of 27.7 °C, and relative air humidity of 79%.
The experimental design was a completely randomized block with four replicates and four plants per experimental unit, totaling 16 plants per treatment. The treatments were arranged in a 3×5 factorial scheme, consisting of three pineapple cultivars (Pérola; Vitória; Imperial) and five substrates [ORG: Organoamazon®, commercial organic compound based on cattle, horse, chicken, and sheep manure, aged and carbonized rice straw, peat, sugarcane bagasse, grass clippings, galls and foliage; SS: Standard Substrate, composed of soil classified as Yellow Latosol, typical of the savannahs of Roraima, plus sand, in the ratio 1:1 (v/v); SS + M + C: composed of SS + sheep manure (M) + carbonized rice husk (C) (2:1:1 v/v); SS + M: composed of SS + M (3:1 v/v); SS + C: composed of SS + C (3:1 v/v)], whose chemical and physical properties are presented in Table  1 and 2. The commercial organic compound (ORG), developed by Norte Flora Paisagismo and analyzed by Embrapa, constitutes a 100% natural and regional organic fertilizer. 
) (g kg , using a 7-day grace period. After fumigation, the substrates were packed in black polyethylene bags with a capacity of 1.08 dm 3 for subsequent planting of seedlings. Irrigation, with 35 L h -1 nebulizers at a pressure of 147,15 kPa (1.5 kgf cm -2 ), was performed with three daily 2-min waterings, aiming at a daily depth of 3.5 mm.
At 210 days of acclimatization, the performance of pineapple plants grown on different substrates was evaluated for the following variables: number of leaves (NL); shoot height (SH) (cm); stem diameter (SD) (mm); leaf area (LA) (cm 2 ); shoot fresh weight (SFW), shoot dry weight (SDW) (g); root density (RD) (g dm -3
); and root:shoot ratio (RSR). For measuring LA, a benchtop leaf area meter (model LI-3100, LI-COR, Nebraska, USA) was used. Weighing measures were obtained in a SHIMADZU ® BL3200H scale. Dry matter was determined after drying the plants in a forced air circulation oven at 60 °C for seven days, until constant weight.
After weighing the dried plants, a composite sample was formed from the four plants of each replicate. Subsequently, the material was ground in a Wiley mill with a 20-mesh sieve and stored in hermetically sealed vials. Total N, P, K, Ca, and Mg contents were obtained according to the method proposed by Malavolta et al. (1997) . Plant nutrient content was obtained by multiplying the contents by the SDW production.
The variables were subjected to analysis of variance by the F test (p < 0.05). The effects of treatments, when significant (p < 0.05), were unfolded in mean contrasts (Table 3) (Alvarez V. & Alvarez, 2006) for the factor substrates, while the Tukey test (p < 0.05) was used for the factor cultivar. Contrasts coefficients
Substrates: ORG: Organoamazon®, commercial organic compound based on livestock manure, horse, chicken and sheep, aged and charred rice straw, peat, sugar cane bagasse and grass, gills and foliage; SS: Standard substrate, composed of soil from the savannah + sand, in a ratio 
Results and discussion
Regarding shoot and root morphological characteristics and nutrient content, micropropagated pineapple cultivars 'Pérola', 'Vitória', and Imperial interacted significantly, during acclimatization, with the substrates of different compositions (Tables 4, 5 and 6).
At 210 days of acclimatization, treatments standard substrate (SS) and standard substrate with carbonized rice husk (SS + C) showed plant height (PH) below (≤ 13.8 cm) the 20-30 cm recommended for field planting (Berilli et al., 2011; Mendonça et al., 2017) (Table 4) . Table 4 -Shoot and root growth of the 'Pérola', 'Vitória' and 'Imperial' pineapples as function of the substrate. The physical and chemical characteristics resulting from the combination of components of substrates SS and SS + C provided low levels of fertility and organic matter, high levels of toxic elements H + and Al
3+
, and high grain size in the sand fraction (Tables 1 and 2). Thus, these substrate arrangements were unable to supply water and minerals to the pineapple cultivars in the proportions required by the plant species for a production of seedlings in satisfactory conditions for field planting.
The use of sheep manure as a component of the substrates (SS+ M and SS + M + C) provided PH > 33.2 cm (Table 4) . Regarding shoot growth, cv. 'Pérola' was superior in PH, while cv. 'Vitória' showed higher number of leaves (NL) ( Table 4) . These results were higher than those observed by Mendonça et al. (2017) , who, at 270 days of acclimatization, verified PH of 19.6 and 20 cm and NL of 19.2 and 20.6 leaves, for cultivars 'Vitória' and 'Imperial', respectively, in substrate composed of soil and goat manure (1:1 v/v). The authors verified a better morphological performance of cv. 'Imperial' compared to cv. 'Vitória' for the variables PH and NL, these results contrasting with those obtained in this experiment.
Cultivar 'Vitória' is the result of a recurrent clonal selection of the hybrid PRI ('Primavera') × SC-08 ('Smooth Cayenne') (Ventura et al, 2009 ). Its performance was documented as similar or superior in agronomic characteristics when compared to the traditional cultivars 'Pérola' and 'Smooth Cayenne'. As for the cultivar 'Imperial', few studies have documented its physiological performance. Sampaio et al. (2011) verified lower growth of cv. 'Imperial' compared to 'Jupi' and 'Gold', but the values were similar to 'Smooth Cayenne' and 'Gomo de Mel'. Caetano et al. (2015) discussed the slow growth of cultivar 'Imperial', which could justify the lower growth rates obtained in this experiment for the cultivar in question.
In substrates SS + M and SS + M + C, cultivars 'Pérola' and 'Vitória' did not differ statistically from each other for shoot fresh weight (SFW), but were superior to cultivar 'Imperial'. For shoot dry weight (SDW) and leaf area (LA), the highest values occurred in cultivar 'Pérola'. Regarding the root system, there was a higher root density (DR) for cultivar 'Pérola', but the root:shoot dry weight ratio (RSR) did not differ among cultivars. Regarding fresh and dry biomass production, the superiority of cultivar 'Pérola' compared to other pineapple cultivars is widely recorded in the literature. Rodrigues et al. (2010) demonstrated superiority of cultivar 'Pérola' compared to 'Smooth Cayenne' for this variable; Santos et al. (2011) , in turn, verified superiority regarding mean shoot weight in the production of 'Pérola' seedlings compared to 'Smooth Cayenne' and 'Jupi'; and Reinhardt et al. (2002) reported higher fresh and dry weight of cultivar 'Pérola' compared to 'Smooth Cayenne'. The higher vegetative vigor of 'Pérola' pineapple plants may be a genetic standard characteristic of this cultivar. Reinhardt et al. (2002) , analyzing separately each organ of the plant, verified several differences when comparing cultivars 'Pérola' and 'Smooth Cayenne'. Cultivar 'Pérola' presented leaves of greater weight, length, and width. Cultivar 'Smooth Cayenne', in turn, showed a more developed stem and root system, higher number of leaves (which were less erect), smaller overall plant size, and slightly lower values of fresh and dry weight.
The use of organic compound Organoamazon® (ORG) provided pineapple cultivars with PH over 60.9 cm, value two to three times higher than the 20-30 cm adopted by Mendonça et al. (2017) and Berilli et al. (2011) , ideal for field planting (Table 4) .
In substrate ORG, for the variables SFW, SDW, and LA, cultivars presented the following growth pattern: 'Pérola' > 'Vitória' > 'Imperial'. For PH, 'Pérola' was similar to 'Vitória', but superior to 'Imperial' (Table  4) . However, for the variables NL and stem diameter (SD), the highest values were found for 'Vitória' (28 leaves and 24.11 mm stem diameter). In ORG, the pattern 'Pérola' > 'Vitória' > 'Imperial' was also verified for root density (RD), but there was no statistical difference between cultivars for the variable RSR.
The nutrient accumulation by cultivars 'Pérola', 'Vitória', and 'Imperial' is presented in Table 5 . In ORG, the accumulation pattern presented by these cultivars was: 'Pérola' > 'Imperial' > 'Vitória', for N and P; and 'Pérola' > 'Vitória' > 'Imperial', for K, Ca, and Mg. The comparative nutritional performance between pineapple cultivars 'Pérola', 'Vitória', and 'Imperial' is not yet reported in the literature. However, Mendonça et al. (2017) , working with 'Vitória' and 'Imperial', verified greater contribution of N, P, and K for cultivar 'Vitória', while a greater contribution of Ca and Mg was observed for cultivar 'Imperial', at 270 days of acclimatization. Table 6 -Average contrasts, relative increments, average square of residue (ASR) and coefficient of variation (CV) for the shoot and root growth of 'Pérola', 'Vitória' and 'Imperial' pineapples in response to treatments of the substrate factor.
------------------------------------------(mg plant -1 ) ---------------------------------------------
Average contrasts (relative increments, %) ORG: organic compound; SS's: group of substrates involving those with sand and savannah soil (standard substrate -SS); SS0: substrate with absence of sheep manure (M) and carbonized rice husk (C) components; SSMC: group of substrates involving those with M and, or, C components (SS+M+C, SS+M, SS+C); SSM+C: substrate with M and C components (SS+M+C); SSM/C: group of substrates involving those with M or C (SS+M, SS+C); SSM: substrate with M components (SS+M); SSC: substrate with C components (SS+C). Relative increments: 100(x-y)/y, where x is the highest treatment average and y is the lowest treatment average. NL: number of leaves; PH: plant height; SD: stem diameter; SFM: shoot fresh mass; SDM: aerial part dry mass; LA: leaf area. DR: root density; RS: ratio between root and shoot dry mass (g). All the results were significant at 1% probability, by the F test.
Nutrient accumulation in micropropagated seedlings of 'Vitória' pineapple was studied by Baldotto et al. (2009 Baldotto et al. ( , 2010 , who verified the following accumulations, in g plant -1
: 3. 16-21.22 N, 1.22-7.44 P, 22.23-113.20 K, 3.20-12.09 Ca, 1.14-11.83 Mg, at 150 and 90 days of acclimatization, respectively. In the present study, all accumulated nutrient values were higher. However, it is noteworthy that the time of 210 days (60 and 120 days more) of acclimatization was high enough for the plants to present higher growth and, nevertheless, greater accumulation of nutrients.
The unfolding of substrates with different compositions of organic material within each level of the factor cultivar is presented in mean contrasts (Table 6 and 7), according to Alvarez V. & Alvarez (2006) . Mean contrasts represent the real magnitude difference between the means of the compared treatments for the morphological and nutritional characteristics of the pineapple cultivars.
The contrast comparing the SDW of pineapple cultivars 'Pérola', 'Vitória', and 'Imperial' between the organic compound and the group of substrates containing SS (ORG vs SS's) showed that there were increases in the order of 36.87 g (366%), 24.01 g (270%), and 20.39 g (259%), respectively, by the use of organic compound. In this sense, the contrast ORG vs SS's highlighted significant increases in all shoot morphological variables of the pineapple cultivars (Table 6 ). Table 7 -Average contrasts, relative increments, average square of residue (ASR) and coefficient of variation (CV) for nutrients accumulation by 'Pérola', 'Vitória' and 'Imperial' pineapples in response to treatments of the substrate factor.
Causes of variation FD
Average contrasts (relative increments, %) Shoot nutrients accumulation M and, or, C components (SS+M+C, SS+M, SS+C) ; SSM+C: substrate with M and C components (SS+M+C); SSM/C: group of substrates involving those with M or C (SS+M, SS+C); SSM: substrate with M components (SS+M); SSC: substrate with C components (SS+C). Relative increments: 100(x-y)/y, where x is the highest treatment average and y is the lowest treatment average. NL: number of leaves; PH: plant height; SD: stem diameter; SFM: shoot fresh mass; SDM: aerial part dry mass; LA: leaf area. DR: root density; RS: ratio between root and aerial part dry mass (g). All the results were significant at 1% probability, by the F test.
The roots of 'Pérola', 'Vitória', and 'Imperial' pineapples were also significantly altered by substrates in the contrast ORG vs SS's (Table 6 ). In favor of ORG, RD increases in the order of 187, 212, and 116% were observed for cultivars 'Pérola', 'Vitória', and 'Imperial', respectively. However, RSR was favored by the SS group, with 266, 219, and 277% increase, in the same order of cultivars.
The growth promotion of pineapple seedlings by the ORG substrate significantly increased N, P, K, Ca, and Mg content in the plants (Table 7) . Cultivars 'Pérola', 'Vitória', and 'Imperial' showed increases of 241, 134, and 204% for N; 229, 68, and 211% for P; 1, 361, 2, 079, and 340% for K; 532, 269, and 277% for Ca; and 382, 190, and 189% for Mg, respectively. The superiority verified for the organic compound (ORG) in relation to substrates with savannah soil, sheep manure, and carbonized rice husk (SS's) was mainly due to the quality of the organic material used, composed of plant remains and animal excrement at several stages. The chemical and physical quality promoted by the composting process in ORG can be observed in Tables 1 and 2. The decomposition, polymerization or condensation of organic matter results in humified substances in the fractions humic acid (HA), fulvic acid (FA), and humin (HU). Baldotto et al. (2009) reported a significant effect of HA doses on root and root growth; N, P, K, Ca, and Mg accumulation; and chlorophyll a-b -1 ratio of micropropagated seedlings of 'Vitória' pineapple.
In addition, the living organic matter cannot be disregarded. Baldotto et al. (2010) demonstrated the importance of this item for pineapple cultivation when verifying that the combined use of HA and endophytic bacteria (Burkholderia spp.) promoted greater shoot growth compared to the control and to the isolated effect of these treatments.
The organic matter (OM) value of 69.2 g kg -1 is within the range considered good. Notwithstanding, Ribeiro et al. (1999) consider OM values of approximately 70 g kg -1 to be very good. According to Silva & Mendonça (2007) , OM is a fundamental factor for soil CEC, contributing with 20 to 90% of the CEC of mineral soils and, practically, all CEC of organic soils.
The Cabral et al. (2011) and Faria et al. (2016) found higher morphological performance for plants in substrates with CEC above 20 cmolc dm -3 and saturation by exchangeable bases above 70%.
The contrast comparing the growth of pineapple cultivars between the substrate with absence of sheep manure (M) and carbonized rice husk (C) and the group of substrates containing M and/or C (SS0 vs SSMC) showed a significant difference in all morphological and nutritional characteristics (Table 6 and 7) . In this contrast, there was superiority of the SSMC group over the substrate with absence of M and C (SS0) in all shoot morphological variables of the pineapple cultivars (Table 6 ). This highlights that the non-use of organic components in the preparation of the substrate drastically reduces the performance of the acclimatization process of micropropagated pineapple seedlings. For example, LA values showed relative contrasts above 918%, reaching 1,494% (Table 6 ). The nutrient content of cultivars 'Pérola', 'Vitória', and 'Imperial' was: 1,971, 2,331, and 2,089% for N; 151, 27, and 137% for P; 626, 344, and 2,332% for K; 392, 709, and 194% for Ca; and 1315, 1338 , and 957% for Mg, respectively (Table 7) .
The superiority regarding the use of organic component corroborates the results of Moreira et al. (2006) . The authors verified that the shoot and root morphology of micropropagated pineapple seedlings were lower when using only soil as a substrate component during acclimatization. Moreira et al. (2006) attributed the benefits of using organic component in the substrate mixture to the following factors: good plant support until rooting, little variation in substrate volume regarding moisture content, adequate water retention, and sufficient porosity to water drainage and aeration. The chemical factor (Tables 1 and 2 ) of the substrates should also be considered, since SS0 shows a lower fertility class than the other treatments.
The contrast SSM+C vs SSM/C, which confronted the effects of the joint use of M and C on the same substrate (SSM+C) with the effects of components M or C on separate substrates (SSM/C), along with the contrast SSM vs SSC, which compared the isolated effects of M against C, were significant for all variables analyzed (Table 6 and 7). SSM+C exceeded the SSM/C group in all shoot variables, RD, and nutrient accumulation (Tables  6 and 7) , evidencing the synergistic effect of components M and C when used in the same substrate. When M and C were used in separate substrates (SSM vs SSC), the highest morphological and nutritional contribution occurred in SSM (Tables 6 and 7) .
The results of the chemical analysis of the substrates (Tables 1 and 2) show similar fertility classes between substrates SS and SS + C and between substrates SS + M and SS + M + C (Ribeiro et al., 1999) . Thus, it can be inferred that the synergistic effects of the joint use of M and C on the substrate were the result of increases in physical attributes such as aeration and water retention.
In the acclimatization of micropropagated seedlings of pineapple cultivars 'Vitória' and 'Imperial', Mendonça et al. (2017) found beneficial effects from the use of goat manure on the substrate composition. This fact was attributed to the high amount of N present in the organic matter of goat manure, which is the main responsible for the production of new cells and tissues, and for the synthesis of vitamins, hormones, coenzymes, and alkaloids, in addition to being a component of chlorophyll molecules. Rodrigues et al. (2004) reported low chemical activity of carbonized rice husk compared to organic materials such as humus. The authors emphasize that substrates with lower chemical activity may present a greater nutrient availability in solution, but their use must be preceded by chemical supplementation.
Conclusions
In the acclimatization phase, cultivar 'Pérola' presented a higher vegetative performance compared to cultivars 'Vitória' and 'Imperial' as regards shoot and root growth.
The nutrient accumulation pattern of cultivars was: 'Pérola' > 'Imperial' > 'Vitória', for N and P; and 'Pérola' > 'Vitória' > 'Imperial', for K, Ca, and Mg.
Substrates Organoamazon® (organic compound based on cattle, horse, chicken, and sheep manure, aged and carbonized rice straw, peat, sugarcane bagasse, grass clippings, galls and foliage) and SS + M + C (1:1) [mixture of savannah soil and sand (1:1) + sheep manure + carbonized rice husk (2:1:1 v/v)] are recommended for the production of micropropagated seedlings of pineapple cultivars 'Pérola', 'Vitória', and 'Imperial', from in vitro culture.
